The objective of this study was to evaluate the effect of low erucic acid content mustard seed on model sausage type products with regards to oxidative stability, by measuring oxidation-reduction potential, color, heme iron content and fatty acids composition during storage at 4℃. Investigations were carried out on model sausage type product produced from pork meat (m. biceps femoris) and fat. The addition of ground mustard seed at the level of 0.2 and 0.5% was not effective in lowering the oxidation-reduction potential (ORP) in model meat product. Model sausage type product samples with added mustard seed showed, in general, higher amounts of heme iron and the amount of n-3 fatty acids compared to the controls. Results suggest that the addition of mustard seed should be considered as a good method to improve oxidation stability and functional values of muscle foods.
Introduction
Apart from microbial spoilage, oxidation is the primary process by which quality loss of muscle foods occurs (Morisey et al., 1998) . The shelf-life of meat and meat products is mainly related to lipid and protein oxidation reaction which could affect its sensory properties, nutritional value and muscle food safety through the formation of potentially toxic compounds (Gray et al., 1996) . Oxidative processes predominantly affect unsaturated fatty acids, cholesterol, heme pigments, amino acids in proteins and vitamins (Mc Millin, 1996) . Processed meat are particularly prone to lipid and protein oxidation. The disruption of the integrity of muscle membranes by grinding or cooking facilitates the interaction of pro-oxidants with phospholipid-bound unsaturated fatty acids located at cellular membrane and then catalyzes the propagation of oxidative reactions (Gray et al., 1996; Rodriguez-Estrada et al., 1997) . For this reason, oxidation of meats is still a major concern in the meat industry. Therefore, the need of efficient inhibition of the oxidation processes in muscle foods has become necessary. The application of natural antioxidants directly to processed meat is a major way to inhibit oxidation processes. Preferentially, natural phenolic antioxidants are added to the meat products, mainly ingredients of plant origin (Chan et al., 2012) .
Mustard seed, being a rich source of various phenolic compounds (Schuster-Gajzágó et al., 2006) could therefore be incorporated in meat products as a source of natural antioxidants to prolong quality and stability. It has been shown that more than 70% of total phenolic content is sinapin, the cholin ester of sinapic acid (Amarowicz et al., 1996; Das et al., 2009 ). There are several research papers highlighting the effectiveness of ground mustard seed or its extracts in preventing oxidation processes in raw and cooked chicken meat and meat products (Shahidi et al., 2007; Kumar and Tanwar, 2011) , but only a few about pork samples (Saleemi et al., 1993; Mc Carthy et al., 2001) . Shahidi et al. (2007) reported that 0 − 2% addition of ground mustard seed to cooked mechanically deboned chicken meat inhibited lipid oxidation during a 20-day storage period as reflected in the 2-thiobarbituric acid (TBA) values. Similarly, Mc Carthy et al. (2001) found that mustard seed was effective in reducing lipid oxidation in patties made from previously frozen pork.
Concerning nutritional aspects, incorporation of spices into meat products can improve their functional value for consumers. Mustard seed contains several antioxidant compounds that may play role in human health protection. Manda et al. (2010) reported that mustard seed contains various biologically important thiols, which protect cells from oxidative damage. Very important constituents of mustard seed are glucosinolates which are known to work as anticancer agents and include bioactive compounds generated by their 0.2% (mustard seed 0.2%) and GM 0.5% (mustard seed 0.5%). The concentrations of added mustard seed were calculated on the basis of total ingredients including meat, fat and water. Each sample was stuffed into collagen casings (ϕ 50 mm). All samples were heated in a cooking chamber until an internal temperature of 72℃ was reached. After cooling to room temperature under cold running water for 10 min., the cooked samples were divided into 9 samples (3 treatments × 3 storage times), packed into the High Density Polyethylene (HDPE) bags and stored at 4℃ for 12 days. Each sample was analyzed for pH, oxidation-reduction potential, heme iron content and fatty acid composition at 1, 6, 12 of refrigerated storage. Three replications of this experiment were analyzed.
Measurement of pH Ten g of minced meat products was homogenised with 100 mL of distilled water for 1 min using a homogenizator (IKA ULTRA-TURRAX T25 Basic, Germany). The pH of homogenate was measured with a digital pH-meter CPC-501 (Elmetron, Poland) equipped with a pH electrode Elmetron, Poland) . Measurements were carried out on four replicates.
Oxidation-reduction potential (ORP) Ten g of minced meat products was homogenised with 30 mL of de-ionized water for 1 min using a homogenizator (IKA ULTRA-TURRAX T25 Basic, Germany). ORP measurements of the homogenates were carried out in four replications for each sample using a digital pH-meter (CPC-501, Elmetron, Poland) set to the millivolt scale and equipped with redox electrode (ERPt-13, Elmetron, Poland).
Heme iron content Heme iron was determined by acidified acetone extraction (Hornsey, 1956; Clark et al., 1997) . 10 g of minced meat product was homogenised with 20 mL of acid-acetone mixture (40 mL of acetone, 9 mL of water, and 1 mL of concentrated hydrochloric acid) for 30 s using a homogenizator (IKA ULTRA-TURRAX T25 Basic, Germany). Then, an additional 20 mL of acid-acetone mixture was added, and the sample homogenized for the next 30 s. The tube was then capped tightly and kept in the dark for 1h. The extract was centrifuged at 2200 g for 10 min. using a MPW-350R centrifuge (MPW Med-Instruments, Poland). The supernatant was filtered through glass microfiber filters (Whatman GF/A). The filtered supernatant's absorbance was measured at 640 nm against a blank containing acidified acetone in a UV-VIS spectrophotometer (Nicolet Evolution 300, Thermo Electron Corporation, USA). The absorbance was multiplied by 6800 and then divided by the sample weight to give the concentration of total pigments in the meat. The heme iron content was calculated as described by Clark et al. (1997) :
Heme iron (μg·kg -1 of meat) = total pigment (μg·kg -1 ) × 0.882 hydrolysis are responsible for the characteristic, pungent flavor of mustard and mustard products (Alireza Sadeghi et al., 2006) . The pungent flavor develops by myrosinase enzyme activities which releases isothiocyanates from glucosinolates (Shahidi and Naczk, 1990) . The results obtained by Lamy et al. (2011) suggest the capacity of small amounts of isothiocyanate-containing food to protect cells from DNA damage. According to the data published in the literature mustard seed characterized by an advantageous chemical composition such as high protein content (28 − 36%), well-balanced amino acid composition. Alder et al. (2012) suggested that mustard proteins due to their chemical composition and functional properties can be used to enhance functional value of different foods. Moreover, mustard seeds have 28 − 32% oil with a special fatty acid composition (Amarowicz et al., 1996) . Mustard seeds have high levels of omega-3 fatty acids (about 11%) (Sengupta and Ghosh, 2011) .
The limiting factor of use of mustard seed in human food has been the presence of antinutritional and toxic constituent such erucic acid which is unhealthy for human (Bozcali et al., 2009) . Seeds of traditional varieties of white mustard contain a significant amount of erucic acids in seed oil (35 − 45%) (Piętka and Krzymański, 2007) . A new variety of white mustard (Bamberka) is the first cultivar in Poland which contains low level of erucic acids in oil (< 1.5% of fatty acids content) (Kłóska et al., 2012) .
Since less is known about effectiveness of mustard seed in retarding oxidation processes of meat product, the objective of current study was to access the effects of the low erucic acid content mustard seed on cooked ground pork with regards to oxidative stability, by measuring oxidationreduction potential, color, heme iron content and fatty acids composition during storage at 4℃.
Materials and Methods
Materials Commercially produced mustard seed (Sinapis alba) was purchased from local plant. Bamberka variety was applied in experiment. Bamberka is an improved cultivar with low erucic content in the seed oil (< 1.5%). Mustard was grounded in a coffee grinder before application.
Preparation of meat product samples and storage Musculus biceps femoris muscle and pork back fat were purchased from a local meat plant at 48 h postmortem. The meat was sliced and cured using 2% curing mixture (99.5% NaCl, 0.05% sodium nitrite) and was stored at 4℃ for 24 h. Then, the meat and fat were separately ground through a 10 mm plate. After mincing, the raw material were assigned to three treatments. Portions of cured pork (75%) and fat (15%) were mixed with 10% of cold water and either ground mustard seed. Groups were as follows: control (no additives), GM
Results and Discussion
Obtained results (Table 1) pointed out that incorporation of mustard seed to the composition of experimental model sausage type products did not have a statistically significant (p ≤ 0.05) effect on pH values at 1, 6 and 12 day of storage. Results of pH measurements also indicated that storage time had no significant effect on its property in case of control and experimental samples.
Oxidation-reduction potential in a biological system is dependent on the concentrations of reductants and oxidants; the more oxidants, the higher ORP value, the more reductants, the lower ORP value. In meat and meat products, many constituents contribute to the oxidation-reduction potential including reactive oxygen spices, transition metal ions or antioxidants content (Faustman et al., 2010) . Results for redox potential of the model meat products with mustard seed addition were not significantly different compared to the control sample during the whole storage period (Table 1) . It was also noticed that ORP values significantly increased for control sample and the samples with mustard seed addition during chilling storage. The highest values of oxidation-reduction potential were noted 6 days after production.
Oxidation reduction potential was determined to elucidate oxidative changes in heme pigments of meat product samples. An important factor in meat color formation is the oxidation-reduction potential which determines the state of the hemochrome (Fe 2+ )/hemichrome (Fe 3+ ) iron of globin hemochromes. The high reducing conditions allow greater reactivity and interconversion of heme pigments (Cornforth et al., 1986) .
Concerning meat and meat product, iron is thought to be an active promoter of oxidation processes (Carlsen et al., 2005; Min and Ahn, 2005) . There are two types of iron in an-Color measurements Color (L*a*b*) was assessed on the freshly cut surface of a meat products. Samples for color measurements were 5 cm thick and excided at the depth of 20 mm. Before color determination, meat product samples wrapped in an oxygen permeable polyethylene film. Visible reflectance spectra (from 360 to 760 nm) were determined with an X-Rite Color ® Premiere 8200 colorimeter (X-Rite Incorporated, Michigan, USA) with a D65 illuminant and a 10° standard observer (AMSA, 2005) . Six measurements were taken on each sample and averaged for statistical analysis.
Fatty acid analysis Fatty acid composition of total lipid was determined by gas chromatography after conversion of the fats to fatty acids methyl esters (AOAC, 1969) . One microliter of the sample was injected into a gas chromatograph (Varian 450-GC, USA) with a split-splitless injector, a flameionization detector, and a 30-m fused silica capillary column (0.32 mm internal diameter). Helium was used as the carrier gas. Injector and detector temperatures were 250 and 300℃, respectively; after injection the column temperature was programmed to rise 200℃ maintained for 10 min, and subsequently increased to 240℃ at the rate of 3℃/min and then held at the final temperature for 4 min. The relative amounts of the fatty acids were calculated from the chromatograms and from an external standard containing methyl esters of the fatty acids.
Statistical analysis All types of samples were made three times. Obtained results were statistically analysed using the Statgraphics v. 5. Two-way analysis of variance was carried out. Significance of differences between samples at the same storage time and the same sample at different storage times was determined using T-Tukey's test. Statistical significance was set at p ≤ 0.05.
Mustard Seed in Model Sausage Type Product plained by a protective effect of phenolics compounds on the heme molecule reducing the release of iron. The color parameters of cooked meat product samples are shown in Table 2 . Lightness (L*), redness (a*) and yellowness (b*) were not significantly (p ≤ 0.05) affected by the whole and ground mustard seed content. The color parameters of muscle food is related with many factors including the pigment content and myoglobin forms (Lindahl et al., 2001) . Analysis of color parameters showed that color parameters of experimental meat products slightly changed during storage (Table 2) . This result is consistent with that obtained by Saleemi et al. (1993) . They indicated that the addition of low-pungency ground mustard seed to the production of comminuted pork samples in the amount of 0-2% had no adverse effect on the color. Addition of ground mustard seed to mechanically deboned chicken meat had also little effect on color characteristics of both cured and uncured products (Shahidi et al., 2007) .
The fatty acid composition of muscle food is important because it affects many aspects of meat quality, including oxidation stability and it determines nutritional value (Wood et al., 2003) . Fatty acids of model sausage type products are shown in Table 3 . The concentration of saturated and monounsaturated fatty acids was not significantly different between control samples and with ground mustard seed addition. The percentage of polyunsaturated fatty acids (PUFAs) was significantly higher for meat product sample containing 0.5% of mustard seed compared to control and sample with 0.2% addition of mustard seed. It was also noticed, that n-3 fatty acids significantly increased with the increasing of level of mustard seed.
Quantity and quality of dietary fat is strongly related to human health. Two important fatty acids, which belong to two independent families of PUFA are linoleic acid (18:2n-6) imal food products: nonheme and heme. Because of a great differences displayed by heme and nonheme iron in terms of promotion of oxidation processes and bioavailability, knowledge of the amount of two different chemical forms of iron is of great importance (Kanner et al., 1991) .
In the present work, the amount of heme iron significantly decreased in case of control sample during 12 days of storage at 4℃ (Table 1) which implies that with progress of time, heme iron gets converted to non-heme iron. Table  1 also shows that the meat samples with added mustad seed had similar heme iron content values to the controls at 1 day of storage. Significant differences were detected amoung groups at 6 and 12 days. Meat product samples with added mustard seed showed, in general, higher amounts of heme iron, compared to the controls. Since heme iron is more available than non-heme iron (Kanner et al., 1991) , the degradation of heme iron could decrease nutritional value of meat products. According to Kristensen and Purslow (2001) , the release of iron from the porfiryn ring of heme pigments occour as a consequence of the development of oxidative reactions during storage. Moreover, non-heme iron is thought to be the most important oxidation promoter in meat systems, therefore, meat products with higher content of non-heme iron might also have decreased oxidative stability.
The specific nature of antioxidative compounds in the mustard seed has not been investigated in the present study. It is likely, however, that the major antioxidative constituents could have been various phenolic compounds (Madsen and Bertelsen, 1995; Amarowicz et al., 1996; Manda et al., 2010) . Phenolic compounds are important constituents of spices and might scavenge reactive oxygen species and inhibit protein degradation during storage of muscle foods (Hinneburg et al., 2006; Siebert et al., 1996) . The effect of the mustard seed on the amount of heme iron could be ex- and α-linolenic acid (18:3n-3) (Simopoulos, 2008) . According to Bezard et al. (1994) it is important to provide these two fatty acids in the diet because they are precursors for long chain polyunsaturated fatty acids. The results of present study showed, that incorporation of mustard seed to the composition of experimental cooked meat product samples increased the amount of n-3 fatty acids.
Conclusions
In conclusion, mustard seed can be used at 0.2 and 0.5% level of sausage type products with beneficial effect on heme iron content and improved fatty acid composition. Results suggest that the addition of mustard seed should be considered as a good method to improve oxidation stability of cooked meat product samples. Considering that mustard seed contains several antioxidant compounds further research is needed to identify the effect of higher level of mustard seed on oxidative stability of muscle food. Moreover, mustard seed contains components which provide beneficial physiological effects. Therefore, it is of interest to proceed with research dealing with the use of mustard seed as antioxidants of meat products to improve their oxidative stability and functional value for consumers. Means followed by the same letters between the samples do not differ significantly at p ≤ 0.05.
